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∫∑§—¥¬àÕ
æÕ≈‘‡¡Õ√å®”√Ÿª (SMPs) ·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª (SMPCs) ‡ªìπ«— ¥ÿ∑’Ë°≈—∫§◊π√Ÿª√à“ß
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 à«π∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß°≈—∫‰ª¡“‰¥â ∫∑§«“¡π’ÈÕ∏‘∫“¬°≈‰°°“√°√–μÿâπ °“√°≈—∫§◊π√Ÿª ·≈– ¡∫—μ‘‡™‘ß°≈
¢Õß SMPs ·≈– SMPCs °√–μÿâπ¥â«¬Õÿ≥À¿Ÿ¡‘ · ßÕ‘πø“‡√¥  π“¡·¡à‡À≈Á°  π“¡‰øøÑ“ ·≈– “√‡§¡’
ß“π«‘®—¬∑’Ëºà“π¡“√“¬ß“πº≈‡ √‘¡ƒ∑∏‘Ï°—π¢Õß‚∫√Õπ‰π‰μ√¥å/∑àÕπ“‚π§“√å∫Õπ ·≈– ¡∫—μ‘¥’‡¬’Ë¬¡¢Õß
°√“‰øμåÕÕ°‰´μå∑’Ëºà“π°√–∫«π√’¥—°™—π¥â«¬§«“¡√âÕπ∑’Ë„™â‡ªìπ “√‡ √‘¡·√ß„πæÕ≈‘‡¡Õ√å®”√Ÿª∞“πÕ’æÕ°´’
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ABSTRACT
Shape memory polymers (SMPs) and shape memory polymer composites (SMPCs)
are materials recovered by external stimulations, and contain important components which are
stable network and reversible switching transition. This review explains stimulation mechanism,
shape recovery and mechanical properties of SMPS and SPMCs induced by temperature,
infrared-light, magnetic field, electrical field and chemical. The previous research works
reported the synergistic effect of boron nitride/carbon nanotube and excellent properties of
thermally reduced graphite oxide which were the reinforcement in epoxy-based SMP stimulated
by temperature and infrared-light, respectively. Ferromagnetic shape memory alloys and
modified carbon nanotubes were used as filler in epoxy-based SMPC induced by magnetic field
and polyurethane/poly(lactic acid)-based SMPC induced by electrical field, respectively.
The dispersion of fillers in polymer matrix and filler-matrix interaction affects to shape
recovery and mechanical properties. Shape memory effect of SMPCs stimulated by temperature,
infrared-light and electrical field depends on thermal conductivity, and shape recovery of SMPs
stimulated by chemical depends on chemical structure change.
Keywords: Shape memory polymers, shape memory polymer composites, epoxy, polyurethane,
stimulations
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∫∑π”
«— ¥ÿ®”√Ÿª‡ªìπ«— ¥ÿ∑’Ë¡’§«“¡ “¡“√∂„π°“√§◊π√Ÿª®“°°“√‡ ’¬√Ÿª·∫∫∂“«√¥â«¬°“√√—∫°“√°√–μÿâπ
®“°¿“¬πÕ° ª√“°Ø°“√≥å¥—ß°≈à“«‡√’¬°«à“ çª√“°Ø°“√≥å®”√Ÿª (shape memory effect, SME) «— ¥ÿ®”√Ÿª
 “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ æÕ≈‘‡¡Õ√å®”√Ÿª ‚≈À–º ¡®”√Ÿª ‡´√“¡‘° å®”√Ÿª·≈–§Õ¡‚æ ‘μ®”√Ÿª ´÷Ëß¡’°“√„™â
ß“πÕ¬à“ß°«â“ß¢«“ß„πß“π¥â“π°“√·æ∑¬å «‘»«°√√¡Õ“°“»¬“π Õÿª°√≥å‡§√◊ËÕß„™â„π∫â“π Õÿª°√≥å‰øøÑ“
Õ‘‡≈Á°∑√Õπ‘° å·≈–™‘Èπ à«π√∂¬πμå ‡ªìπμâπ  ”À√—∫æÕ≈‘‡¡Õ√å®”√Ÿª (shape memory polymer, SMPs)
ª√“°Ø°“√≥å®”√Ÿª®–‡°‘¥¢÷Èπ‰¥â®“°Õß§åª√–°Õ∫ 2  à«π§◊Õ  à«π‚§√ß √â“ß√à“ß·ÀæÕ≈‘‡¡Õ√å∑’Ë‡ ∂’¬√ ·≈–
 à«π∑’Ë “¡“√∂‡ª≈’Ë¬π°≈—∫‰ª¡“‰¥â¥—ß√Ÿª∑’Ë 1 [1]  à«π‚§√ß √â“ß√à“ß·ÀæÕ≈‘‡¡Õ√å∑’Ë‡ ∂’¬√ ‡™àπ ‚§√ß √â“ß°“√
æ—π°—π¢Õß “¬‚ à́‚¡‡≈°ÿ≈ (molecule entanglement) °“√‡™◊ËÕ¡¢«“ß∑“ß‡§¡’ (chemical cross-linking)
·≈–°“√‡°‘¥º≈÷° (crystalline phase) ‡ªìπμâπ μ—«≈ÁÕ§„π√Ÿª∑’Ë 1 §◊Õ∫√‘‡«≥∑’Ë “¡“√∂‡°‘¥°“√‡ª≈’Ë¬π°≈—∫
‰ª¡“‰¥â ‡™àπ °“√‡ª≈’Ë¬π°≈—∫‰ª¡“¢Õß°“√‡°‘¥º≈÷°·≈–°“√À≈Õ¡μ—« °“√‡ª≈’Ë¬π°≈—∫‰ª¡“¢Õß°“√‡™◊ËÕ¡¢«“ß
‡ªìπμâπ [1] æÕ≈‘‡¡Õ√å®”√Ÿª “¡“√∂‡°‘¥ª√“°Ø°“√≥å®”√Ÿª®“°°“√°√–μÿâπ¥â«¬ Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ  “√‡§¡’




§Õ¡‚æ ‘μ®”√Ÿª (shape memory polymer composites, SMPCs) [3] ¡’ “√‡ √‘¡·√ßÀ≈“¬™π‘¥∑’Ë¡’
√“¬ß“π°“√π”‰ª„™â‡æ◊ËÕ„Àâ‰¥â‡ªìπæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª ¬°μ—«Õ¬à“ß‡™àπ ∑àÕπ“‚π§“√å∫Õπ (carbon
nanotubes, CNTs) [4] ‡ âπ„¬π“‚π§“√å∫Õπ (carbon nanofibers, CNFs) [5] π“‚π‡§≈¬å∑’Ë¡’‚§√ß √â“ß
·∫∫‡ÕÁ°´å‚ø≈‘‡Õμ (exfoliated nanoclay) [6] ‡ªìπμâπ ∫∑§«“¡«‘™“°“√©∫—∫π’ÈμâÕß°“√Õ∏‘∫“¬∂÷ß
ª√“°Ø°“√≥å®”√Ÿª∑’Ë∂Ÿ°°√–μÿâπ¥â«¬Õÿ≥À¿Ÿ¡‘ · ß  π“¡·¡à‡À≈Á°  π“¡‰øøÑ“·≈– “√‡§¡’¢ÕßæÕ≈‘‡¡Õ√å
®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª∑’Ë¡’Õ’æÕ°´’·≈–æÕ≈‘¬Ÿ√’‡∑π‡ªìπ‡¡∑∑√‘°μå®“°°“√‡μ‘¡ “√μ—«‡μ‘¡™π‘¥μà“ßÊ
≈ß‰ª‚¥¬®–Õ∏‘∫“¬°≈‰°°“√°√–μÿâπ·∫∫μà“ßÊ °≈‰°°“√§◊π√Ÿª·≈– ¡∫—μ‘μà“ßÊ ∑’Ë ”§—≠‡™àπ  ¡∫—μ‘‡™‘ß°≈
·≈– ¡∫—μ‘°“√§◊π√Ÿª∑’Ë∂Ÿ°°√–μÿâπ¥â«¬ ‘Ëß‡√â“∑—Èß 5 ·∫∫
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√Ÿª∑’Ë 1 ‚§√ß √â“ß‚¡‡≈°ÿ≈∑’ËÀ≈“°À≈“¬¢Õß SMPs ∑’Ë ”§—≠μàÕ°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª ª√–°Õ∫¥â«¬





ª√–°Õ∫¥â«¬ 2  à«π ”§—≠§◊Õ ‡ø ∑’Ë∑”„Àâ‚§√ß √â“ß√à“ß·ÀæÕ≈‘‡¡Õ√åÕ¬Ÿà°—∫∑’Ë (fixity phase) ·≈– “¬‚ à́
∑’Ë‡ª≈’Ë¬π°≈—∫‰ª¡“‰¥â (switching chains) °≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª‡√‘Ë¡∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ Ttrans
(T > Ttrans) ™‘Èπß“π‰¥â√—∫·√ß∑“ß°≈®π‡°‘¥°“√‡ ’¬√Ÿª·≈–‡ª≈’Ë¬π√Ÿª√à“ß®“°°“√¬◊¥ÕÕ°¢Õß “¬‚´à∑’Ë‡ª≈’Ë¬π
°≈—∫‰ª¡“‰¥â À≈—ß®“°π—Èπ≈¥Õÿ≥À¿Ÿ¡‘≈ß®π¡’§à“μË”°«à“ Ttrans (T < Ttrans) ®π‰¥â™‘Èπß“π∑’Ë¡’√Ÿª√à“ß™—Ë«§√“«
(temporary shape) ·≈–™‘Èπß“π “¡“√∂°≈—∫ Ÿà√Ÿª√à“ß‡¥‘¡‰¥â‡Õß®“°°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„Àâ Ÿß°«à“ Ttrans „π
°√–∫«π°“√§◊π√Ÿª (recovery process) [2]
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√Ÿª∑’Ë 2 °≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπ (¥—¥·ª≈ß®“° [2])
æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπ
§“√å∫Õπ·∫≈Á§ ∑àÕπ“‚π§“√å∫Õπ ‡ âπ„¬ —Èπ ·≈–‡ âπ„¬μàÕ‡π◊ËÕß ‡ªìπ “√‡ √‘¡·√ß∑’Ëπ”¡“„™â
‡æ◊ËÕ„Àâ‰¥âæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª∑’Ë¡’§«“¡·¢Áß·√ß‡æ‘Ë¡¢÷Èπ [4-5]  “√‡ √‘¡·√ßÕ’°Àπ÷Ëß™π‘¥∑’Ëπà“ π„®§◊Õ
°√“‰øμåÕÕ°‰´μå∑’Ëºà“π°√–∫«π√’¥—°™—π¥â«¬§«“¡√âÕπ (thermally reduced graphite oxide) À√◊Õ TrGO
∑’Ë —ß‡§√“–Àå¢÷Èπ‰¥â®“°°“√√’¥—°™—π¥â«¬°√–∫«π°“√∑“ß§«“¡√âÕπÕ¬à“ß√«¥‡√Á«¢Õß°√“‰øμåÕÕ°‰´μå [3, 8]
∑”„Àâ TrGO ¡’√Ÿæ√ÿπ∑’Ë¡’æ◊Èπ∑’Ëº‘«®”‡æ“– Ÿß ¡’ ¡∫—μ‘°“√π”‰øøÑ“·≈–π”§«“¡√âÕπ‰¥â¥’ ¡’ ¡∫—μ‘∑“ß°≈∑’Ë¥’
·≈– “¡“√∂‡¢â“°—π‰¥â°—∫æÕ≈‘‡¡Õ√åÀ≈“¬Ê ™π‘¥ Chen ·≈–§≥– [3] ‡μ√’¬¡π“‚π§Õ¡‚æ ‘μ√–À«à“ß
æÕ≈‘‡¡Õ√å®”√Ÿª∞“πæÕ°´’ (epoxy-based SMP) À√◊Õ ESMP °—∫ TrGO °√–∫«π°“√‡μ√’¬¡π“‚π§Õ¡‚æ ‘μ
‡√‘Ë¡®“°º ¡‡√´‘πÕ’æÕ°´’ Œ“√å¥‡¥π‡πÕ√å ¡ÕπÕ‡¡Õ√åÕ’æÕ°´’ “¬‚´àμ√ß°—∫ TrGO (ª√‘¡“≥ 1 2 ·≈– 3
wt%) ºà“π‡§√◊ËÕßº ¡ 3 ≈Ÿ°°≈‘Èß (three raw mills, TRM) ∑’Ë¡’™àÕß«à“ß√–À«à“ß≈Ÿ°°≈‘Èß∑’Ë≈¥≈ß®“° 100 μm
®π∂÷ß 5 μm ·≈–π”‰ªÀ≈àÕ¢÷Èπ√Ÿª∫π·¡àæ‘¡æå·°â«·≈–∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 80°C ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ·≈–∫à¡μàÕ
∑’ËÕÿ≥À¿Ÿ¡‘ 150°C ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß ®π‰¥â‡ªìπ·ºàπ§Õ¡‚æ ‘μ¢Õß TrGO/ESMP Chen ·≈–§≥– [3]
æ∫«à“§«“¡¡’¢—È«¢Õß TrGO  “¡“√∂ àß‡ √‘¡°“√‡°‘¥æ—π∏–√–À«à“ßæ◊Èπº‘«¢Õß TrGO °—∫ ESMP ·≈–
°√–∫«π¢÷Èπ√Ÿª‚¥¬„™â‡∑§π‘§ TRM ®–‡Àπ’Ë¬«π”„Àâ·ºàππ“‚π°√“‰øμå„π TrGO ‡°‘¥°“√·¬°°√–®“¬ÕÕ°
´÷Ëß “¡“√∂¬◊π¬—π‰¥â¥â«¬º≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§«‘‡§√“–Àå°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡ÕÁ°´å (XRD) ∑’Ë‰¡àª√“°Ø
æ’§· ¥ß°“√‡°‘¥º≈÷°¢Õß TrGO „π§Õ¡‚æ ‘μ º≈°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈æ∫«à“§à“¬—ß¡Õ¥Ÿ≈—  §à“§«“¡
·¢Áß·√ß¥÷ß·≈–§à“¡Õ¥Ÿ≈— ¥—¥‚§âß¢Õß§Õ¡‚æ ‘μ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥¢Õß TrGO ´÷Ëß‡ªìπº≈®“°¬÷¥μ‘¥‰¥â¥’
√–À«à“ßæ◊Èπº‘«¢Õß ESMP ·≈– TrGO  àßº≈„Àâ‡°‘¥°“√ àßºà“π·√ß®“°‡π◊ÈÕæ◊Èπ¢Õß ESMP  Ÿà TrGO ‰¥â
‡ªìπÕ¬à“ß¥’ [3]
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Chen ·≈–§≥– [8] ∑”°“√∑¥ Õ∫ª√“°Ø°“√≥å°“√®”√Ÿª¢Õß§Õ¡‚æ ‘μ TrGO/ESMP ¡’
4 ¢—ÈπμÕπ‡√‘Ë¡®“° (1) μ—¥μ—«Õ¬à“ß∑¥ Õ∫‡ªìπ√Ÿª ’Ë‡À≈’Ë¬¡º◊πºâ“ (¬“« x °«â“ß x Àπ“: 82 mm x 10 mm x
3 mm) ·≈–„Àâ§«“¡√âÕπ·°àμ—«Õ¬à“ß∑¥ Õ∫®π∂÷ßÕÿ≥À¿Ÿ¡‘ 140°C (2) ¥—¥μ—«Õ¬à“ß∑¥ Õ∫‡ªìπ√Ÿªμ—«
¬Ÿ√Õ∫·°π°≈“ß∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß 10 mm ‚¥¬∫—π∑÷°¡ÿ¡°“√¥—¥ Ÿß ÿ¥‡ªìπ§à“ θmax (3) ≈¥Õÿ≥À¿Ÿ¡‘
μ—«Õ¬à“ß∑¥ Õ∫¿“¬®π∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß¿“¬„μâ·√ß∑“ß°≈§ß∑’Ë À≈—ß®“°π—ÈπÀ≈“¬π“∑’‡Õ“·√ß∑“ß°≈ÕÕ°
°“√§◊π√Ÿª‡°‘¥¢÷Èπ‡≈Á°πâÕ¬·≈–¡ÿ¡°“√‚§âß¢Õßμ—«Õ¬à“ß≈¥≈ß·≈–°”Àπ¥‰«â‡ªìπ§à“¡ÿ¡∑’Ë∂Ÿ°°”Àπ¥‰«â θfixed
·≈–¢—Èπ ÿ¥∑â“¬ (4) «—¥·≈–∫—π∑÷°¡ÿ¡°“√ßÕ¢Õßμ—«Õ¬à“ß∑’Ë·ª√º—π°—∫‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ (θi) μ—«Õ¬à“ß°“√
‡ª≈’Ë¬π·ª≈ß¡ÿ¡ θi ¢Õß™‘Èπμ—«Õ¬à“ß§Õ¡‚æ ‘μ TrGO/ESMP · ¥ß¥—ß√Ÿª∑’Ë 3 [8]
 √Ÿª∑’Ë 3 μ—«Õ¬à“ß°“√‡ª≈’Ë¬π·ª≈ß¡ÿ¡ θi ¢Õß™‘Èπß“π∑’Ë‡ª≈’Ë¬π·ª≈ßμ“¡‡«≈“ (¥—¥·ª≈ß®“° [8])
Chen ·≈–§≥– [8] ‰¥âπ”º≈°“√∑¥ Õ∫∑’Ë‰¥â¡“§”π«≥À“§à“Õ—μ√“ à«π°“√§ß√Ÿª (shape
retention ratio; R) ·≈–§à“Õ—μ√“ à«π°“√§◊π√Ÿª (shape recovery ratio; Rr) ®“° ¡°“√∑’Ë 1 ·≈– 2
μ“¡≈”¥—∫
R = θfixed  x 100% (1)
θmax
Rr = (θmax fi θi) x 100% (2)
    θmax
®“°°“√∑¥ Õ∫æ∫«à“§«“¡·μ°μà“ß√–À«à“ß¡ÿ¡∑’Ë∂Ÿ°°”Àπ¥‰«â (θfixed) ·≈–¡ÿ¡°“√¥—¥ Ÿß ÿ¥
(θmax) ¡’§à“·μ°μà“ßπâÕ¬°«à“ 2° ‡ ¡Õ ¥—ßπ—Èπ™‘Èπμ—«Õ¬à“ß∑¥ Õ∫∑ÿ°™‘Èπ®–¡’§à“Õ—μ√“ à«π°“√§ß√ŸªÀ√◊Õ§à“
R ¡“°°«à“ 99% ®“°√Ÿª∑’Ë 3 ‡ªìπ°“√§◊π√Ÿª¢Õß™‘Èπß“π§Õ¡‚æ ‘μ√Ÿªμ—«¬Ÿæ∫°“√≈¥≈ß¢Õß¡ÿ¡°“√ßÕ (θi)
μ“¡‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬°“√‡æ‘Ë¡‡ø  TrGO ≈ß„π ESMP ‡æ‘Ë¡‡«≈“„π°“√§◊π√Ÿª®“°‡¥‘¡ 170 ± 10s ‰ª‡ªìπ
§à“∑’Ë Ÿß∑’Ë ÿ¥∑’Ë 570 ± 15s π—ËπÕ“®‡ªìπº≈¡“®“°°“√°√–®“¬μ—«Õ¬à“ß‡ªìπ√Ÿª·∫∫¢Õß TrGO „π ESMP
·≈–Õ—πμ√°‘√‘¬“∑’Ë¥’√–À«à“ßæ◊Èπº‘«¢Õß TrGO ·≈– ESMP  àßº≈„ÀâÕπÿ¿“§¢Õß TrGO ‡¢â“‰ª¢—¥¢«“ß
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°“√‡§≈◊ËÕπ∑’ËÕ¬à“ßÕ‘ √–¢Õß “¬‚ à́æÕ≈‘‡¡Õ√å ·≈–‡ªìπ‡Àμÿº≈‡¥’¬«°—π∑’Ë∑”„Àâ§à“ Tg ¢Õß ESMP
∑’Ë‰¥â®“°°“√∑¥ Õ∫¥â«¬‡∑§π‘§ DSC ‡æ‘Ë¡¢÷Èπ®“° 90.6°C ‡ªìπ§à“ Ÿß ÿ¥∑’Ë 97.3°C ‡¡◊ËÕ¡’°“√‡æ‘Ë¡‡ø  TrGO
≈ß‰ª º≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§ DMA æ∫«à“°“√‡æ‘Ë¡‡ø  TrGO ‡æ‘Ë¡§à“¡Õ¥Ÿ≈—  – ¡¢Õß ESMP






®”√Ÿª¢ÕßæÕ≈‘‡¡Õ√å™π‘¥¥—ß°≈à“«· ¥ß„π√Ÿª∑’Ë 4 ‡¡◊ËÕ™‘Èπß“π∑’Ë¡’√Ÿª√à“ß‡¥‘¡ (original shape) ‰¥â√—∫·√ß




√Ÿª∑’Ë 4 °≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª°√–μÿâπ¥â«¬· ß¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª (¥—¥·ª≈ß®“° [9])
æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬· ß
æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬· ß À√◊Õ çphotoactive SPMCsé æ—≤π“¢÷Èπ¡“∫π
æ◊Èπ∞“π¢Õß°“√‡μ‘¡ “√μ—«‡μ‘¡∑’Ë “¡“√∂μÕ∫ πÕßμàÕ· ß·≈–°àÕ„Àâ‡°‘¥ª√“°Ø°“√≥å®”√Ÿª≈ß‰ª ‡™àπ
(1) çphotoisomerizable moleculesé ‡ªìπ‚¡‡≈°ÿ≈∑’Ë “¡“√∂‡°‘¥‰Õ‚´‡¡Õ√å√‘´÷¡®“°°“√°√–μÿâπ¥â«¬· ß
‡™àπ ‡Õ‚´‡∫π´‘π [10] (2) çphoto-induced reversible dimerization moleculeé ‡ªìπ‚¡‡≈°ÿ≈∑’Ë “¡“√∂
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‡°‘¥°√–∫«π°“√‰¥‡¡Õ√å ‰√‡´™—π°≈—∫‰ª¡“‰¥â ‡™àπ cinnamates À√◊Õ coumarin [11] (3)
 “√∑’Ë “¡“√∂∑”„Àâ‡°‘¥°“√‡μ‘¡- °“√·¬°°√–®“¬¢ÕßªØ‘°‘√‘¬“°“√¬â“¬ “¬‚´à ‡™àπ Allyl sulfide [12] (4)
 “√∑’Ë∑”„Àâ‡°‘¥°“√·¬°μ—«¢Õß‰ÕÕÕπ°≈—∫‰ª¡“®“°°“√°√–μÿâπ¥â«¬· ß ‡™àπ trienphylmethane leuco [12]
(5)  “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë “¡“√∂‡°‘¥æ—π∏–‚§ÕÕ¥‘‡π™—π√–À«à“ß‚≈À–°—∫≈‘·°π¥å®“°°“√°√–μÿâπ¥â«¬· ß
(photoactive metal-ligand coordination bonds) [13] ·≈– (6)  “√∑’Ë∑”„Àâ‡°‘¥º≈∑“ß§«“¡√âÕπ®“°





 ”§—≠∑’Ë∑”„Àâ‡°‘¥°“√§◊π√Ÿª√à“ß‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ [1] Lu ·≈–§≥– [14] »÷°…“ª√“°Ø°“√≥å§◊π√Ÿª®“°
°“√°√–μÿâπ¥â«¬· ß√—ß ’Õ‘πø“‡√¥¢Õßπ“‚π§Õ¡‚æ ‘μ¢ÕßÕ’æÕ° ’́º ¡∑àÕπ“‚π§“√å∫Õπ (CNTs) ·≈–/
À√◊Õ ‚∫√Õπ‰π‰μ√¥å (BN) ‚¥¬¡’°“√·ª√ª√‘¡“≥¢Õß CNTs ∑’Ë 0 2 6 8 ·≈– 10 wt% º≈ª√“°Ø«à“°“√
‡μ‘¡ CNTs À√◊Õ BN ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫√—ß ’Õ‘πø“‡√¥ ·≈–°“√‡μ‘¡ CNTs √à«¡°—∫ BN
¡’º≈‡ √‘¡ƒ∑∏‘Ï°—π„π°“√ª√—∫ª√ÿß ¡∫—μ‘°“√π”§«“¡√âÕπ·≈–°“√ àßºà“π§«“¡√âÕπ àßº≈„Àâ§Õ¡‚æ ‘μ¡’§à“
Õÿ≥À¿Ÿ¡‘°≈“ ∑√“π ‘́™—π (Tg)  Ÿß¢÷Èπ ‚¥¬π“‚π§Õ¡‚æ ‘μ®”√Ÿª∑’Ë¡’°“√‡μ‘¡ BN ª√‘¡“≥ 4 wt% √à«¡°—∫
CNTs ª√‘¡“≥ 4 wt% · ¥ß§à“ Tg  Ÿß∑’Ë ÿ¥∑’Ë 107.8°C ´÷Ëß‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
Õ’æÕ°´’®”√Ÿª∑’Ë‰¡à¡’°“√‡μ‘¡ “√¥—ß°≈à“«∑’Ë¡’§à“ Tg 73.25°C °“√‡μ‘¡ CNTs ‡æ‘Ë¡§à“¡Õ¥Ÿ≈—  – ¡·≈–§à“
¡Õ¥Ÿ≈— ¬◊¥À¬ÿàπ·°àπ“‚π§Õ¡‚æ ‘μ·≈– ¡∫—μ‘°“√∑π·√ß¥÷ß¢Õßπ“‚π§Õ¡‚æ ‘μ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥¢Õß
CNTs πÕ°®“°π’È°“√∑¥ Õ∫À“§à“Õ—μ√“ à«π°“√§◊π√Ÿª (recovery ratio, %) ∑’Ë·ª√º—πμ“¡‡«≈“¢Õß
π“‚π§Õ¡‚æ ‘μæ∫«à“ π“‚π§Õ¡‚æ ‘μ∑’Ë¡’°“√‡μ‘¡ BN ª√‘¡“≥ 4 wt% √à«¡°—∫ CNTs ª√‘¡“≥ 4 wt%
· ¥ßÕ—μ√“°“√§◊π√Ÿª¿“¬„μâ°“√°√–μÿâπ¥â«¬√—ß ’Õ‘πø“‡√¥‰¥âÕ¬à“ß ¡∫Ÿ√≥å∑’Ë 100 % ¿“¬„π‡«≈“ 60 s
æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°
§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°‰¥â√—∫§«“¡ π„®„π°“√„™âß“π¥â“π°“√·æ∑¬å ‡™àπ
°“√ª≈Ÿ°∂à“¬ °“√ àßºà“π¬“ ·≈–‡§√◊ËÕß¡◊ÕÕ—®©√‘¬– ‡π◊ËÕß®“°‡¡◊ËÕΩíß§Õ¡‚æ ‘μ®”√Ÿª≈ß‰ª·≈â«®– “¡“√∂
°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°À√◊Õ π“¡‰øøÑ“‚¥¬„™âμ—«§«∫§ÿ¡À√◊Õ√’‚¡∑·∫∫‰¡à —¡º—  æÕ≈‘‡¡Õ√å∑’Ë„™â„π°“√
º≈‘μ§Õ¡‚æ ‘μ®”√Ÿª¥—ß°≈à“«®–‡ªìπæÕ≈‘‡¡Õ√å¬àÕ¬ ≈“¬‰¥â∑“ß™’«¿“æ·≈–æÕ≈‘‡¡Õ√å‡¢â“°—π‰¥â∑“ß™’«¿“æ
‡™àπ æÕ≈‘·≈§μ‘§·Õ ‘¥ [15] æÕ≈‘§“‚ª√·≈§‚μπ·∫∫‡™◊ËÕ¡¢«“ß æÕ≈‘‡Õ∑‘≈’π‰°≈§Õ≈ ¡ÕπÕ‡¡∑‘≈Õ’‡∑Õ√å
¡ÕπÕ‡¡∑“§√‘‡≈∑ À√◊Õ PEGMA °√“øμåæÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘§“‚ª√·≈§‚μπ·≈–‰¥‰Õ‚´‰´¬“‚μ‡¡∑‘≈
‡¡∑“§√‘‡≈∑ À√◊Õ PCLDIMA ‡ªìπμâπ [1]
°≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°
°“√°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°¢Õß§Õ¡‚æ ‘μ®”√Ÿª®–‰¥â®“°°“√‡μ‘¡ “√μ—«‡μ‘¡∑’Ë¡’ª√–‚¬™πå Ÿß
(functional fillers) ‡™àπ Õπÿ¿“§‚≈À– [16] Õπÿ¿“§ “√·¡à‡À≈Á° [17] Õπÿ¿“§‡À≈Á°ÕÕ°‰´¥å [18]
·≈– Ni-Mn-Ga ·∫∫º≈÷°‡¥’Ë¬« [1] ‡ªìπμâπ  ”À√—∫ Ni-Mn-Ga ·∫∫º≈÷°‡¥’Ë¬«‡ªìπ‚≈À–º ¡®”√Ÿª
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°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á° (ferromagnetic shape memory alloys, FSMA) ™π‘¥Àπ÷Ëß∑’Ë¡’√“¬ß“π°“√π”
‰ª„™â‡ªìπ “√μ—«‡μ‘¡„πæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª ª√“°Ø°“√≥å®”√Ÿª¢Õß‚≈À–º ¡®”√Ÿª‡°‘¥¢÷Èπºà“π°“√
‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß∑’Ë‡√’¬°«à“ çmartensitic transformationé ÷́Ëß‡ªìπ°“√‡ª≈’Ë¬π·ª≈ß°≈—∫‰ª¡“¢Õß
‚§√ß √â“ßÕÕ ‡∑π‰πμå (austenite, A) ∑’Ë¡’§«“¡‡ ∂’¬√∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß‰ª‡ªìπ‚§√ß √â“ß¡“√å‡∑π‰´μå
(martensite, M) ¡’§«“¡‡ ∂’¬√∑’ËÕÿ≥À¿Ÿ¡‘μË”‚¥¬¡’®ÿ¥Õÿ≥À¿Ÿ¡‘∑’Ë‡°’Ë¬«¢âÕß 4 ®ÿ¥  “¡“√∂Õ∏‘∫“¬‰¥â
¥—ß√Ÿª∑’Ë 5 ‡√‘Ë¡®“°‚§√ß √â“ßÕÕ ‡∑π‰πμå∑’Ë‡ ∂’¬√Õÿ≥À¿Ÿ¡‘ Ÿß (√Ÿª∑’Ë 5a) ‡°‘¥°“√≈¥Õÿ≥À¿Ÿ¡‘≈ß®π∂÷ß®ÿ¥
Ms ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡ª≈’Ë¬π‚§√ß √â“ßÕÕ ‡∑π‰πμå‡ªìπ¡“√å‡∑π‰´μå ·≈–≈¥Õÿ≥À¿Ÿ¡‘≈ß‡√◊ËÕ¬Ê ®π∂÷ß®ÿ¥
Mf ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π‡ªìπ‚§√ß √â“ß¡“√å‡∑π‰´μå‰¥âÕ¬à“ß ¡∫Ÿ√≥å „π™à«ß¥—ß°≈à“«®–‡°‘¥‚§√ß √â“ß
¡“√å‡∑π‰´μå∑’Ë‡°‘¥μ”Àπ‘·∫∫∑«‘π (twinned martensite) ∑’Ë¡’‚§√ß √â“ßº≈÷°·∫∫¡ÕπÕ§≈‘π‘°∑’Ë
 “¡“√∂‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¥â«¬·√ß∑“ß°≈‰¥âßà“¬¥—ß√Ÿª∑’Ë 5b ·≈– 5c ∂â“¡’°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘·°à‚≈À–
º ¡®”√Ÿª®π∂÷ß®ÿ¥ As ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡ª≈’Ë¬π‚§√ß √â“ß¡“√å‡∑π‰´μå‡ªìπÕÕ ‡∑π‰πμå ·≈–‡æ‘Ë¡
Õÿ≥À¿Ÿ¡‘μàÕ‰ª®π∂÷ß®ÿ¥‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘μàÕ‰ª®π∂÷ß Af ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π‡ªìπ‚§√ß √â“ßÕÕ ‡∑π‰πμå
‰¥âÕ¬à“ß ¡∫Ÿ√≥å π—Ëπ§◊Õ‚≈À–º ¡®”√Ÿª “¡“√∂°≈—∫ Ÿà√Ÿª√à“ß‡¥‘¡‰¥â (√Ÿª∑’Ë 5d) [19]
√Ÿª∑’Ë 5 ·∫∫®”≈Õßª√“°Ø°“√≥å®”√Ÿª¢Õß ferromagnetic shape memory alloy: Ni-Mn-Ga (¥—¥·ª≈ß
®“° [19])
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Hosoda ·≈–§≥– [20] ‡μ√’¬¡§Õ¡‚æ ‘μ©≈“¥¢ÕßÕ’æÕ°´’·≈–Õπÿ¿“§‚≈À–º ¡®”√Ÿª (FSMA
particles; FSMAP) Õ’æÕ°´’∑’Ë„™â®–‡μ√’¬¡®“°‡√ ‘́πÕ’æÕ°´’‡°√¥ Epikote 828 ·≈–μ—«‡√àß·¢Áß‡°√¥ Tohmide
280-B ·≈– FSMAP ∑’Ë„™â§◊ÕÕπÿ¿“§‚≈À–º ¡®”√Ÿª¢Õß Ni-Mn-Ga ∑’Ë¡’ % ‚¡≈·μ°μà“ß°—π∑’Ë‡μ√’¬¡‰¥â
®“°°“√π”‚≈À–º ¡¢Õß Ni-Mn-Ga ¡“ºà“π°√–∫«π°“√∑“ß§«“¡√âÕπ·≈–∫¥®π¥â«¬·√ß∑“ß°≈®π‰¥â‡ªìπ
Õπÿ¿“§‚≈À–º ¡®”√Ÿª Ni-Mn-Ga ∑’Ë¡’¢π“¥º≈÷°Õ¬Ÿà„π™à«ß 25 ∂÷ß 150 μm ‚¥¬¡’°“√·ª√ª√‘¡“≥Õπÿ¿“§
‚≈À–º ¡®”√Ÿª Ni-Mn-Ga ®“° 0-50 vol% °“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßæ∫«à“§à“§«“¡‡§âπ
≥ ®ÿ¥§√“°·≈–§à“§«“¡∑π·√ß¥÷ß Ÿß ÿ¥¢Õß§Õ¡‚æ ‘μ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥Õπÿ¿“§‚≈À–º ¡®”√Ÿª ·≈–®–¡’
§à“≈¥≈ß‡¡◊ËÕ‡μ‘¡Õπÿ¿“§‚≈À–º ¡®”√Ÿª¡“°°«à“ 10wt% ª√“°Ø°“√≥å®”√Ÿª¢Õß§Õ¡‚æ ‘μ™π‘¥π’È‡°‘¥¢÷Èπ‰¥â
®“°Õπÿ¿“§‚≈À–º ¡®”√Ÿª Ni-Mn-Ga ∑’Ë‡μ‘¡≈ß‰ª √Ÿª∑’Ë 6 · ¥ß°√–∫«π°“√∑¥ Õ∫°“√§◊π√Ÿª¢Õß
§Õ¡‚æ ‘μ√–À«à“ßÕ’æÕ°´’°—∫Õπÿ¿“§‚≈À–º ¡®”√Ÿª™π‘¥ 51Ni26Mn23Ga ∑’Ë¡’§à“Õÿ≥À¿Ÿ¡‘ Ms Mf As
·≈– Af ‡∑à“°—∫ 273 253 293 ·≈– 308 K μ“¡≈”¥—∫ (√Ÿª∑“ß ấ“¬¡◊Õ) ∑’Ë —¡æ—π∏å°—∫°√“ø· ¥ß
§«“¡ —¡æ—π∏å√–À«à“ß°“√§«“¡‡§√’¬¥ (strain) ·≈–Õÿ≥À¿Ÿ¡‘ (√Ÿª∑“ß¢«“¡◊Õ) °√–∫«π°“√∑¥ Õ∫‡√‘Ë¡®“°
(1) °“√≈¥Õÿ≥À¿Ÿ¡‘™‘Èπß“πμ—«Õ¬à“ß‰ª∑’Ë 280 K ·≈– (2) „Àâ·√ß∑“ß°≈®π™‘Èπß“π∑’Ë¡’‚§√ß √â“ß¡“√å‡∑π‰πμå
‡°‘¥°“√‡ª≈’Ë¬π√Ÿª√à“ß ‚¥¬¡’°“√„Àâ·√ß∑“ß°≈∑’Ë 1 2 4 ·≈– 5 MPa „π¢—ÈπμÕπ∑’Ë (3) ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„Àâ™‘Èπ
ß“πμ—«Õ¬à“ß‰ª∑’Ë 323 K ´÷Ëß‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß°«à“ Af ¢ÕßÕπÿ¿“§‚≈À–º ¡®”√Ÿª¿“¬„μâ°“√§«“¡‡§âπ
·√ß¥÷ß∑’Ë 0.1 MPa „π¢—ÈπμÕππ’È°“√§◊π√Ÿª®–‡°‘¥¢÷Èπ°ÁμàÕ‡¡◊ËÕ§à“§«“¡‡§√’¬¥≈¥≈ß (π—Ëπ§◊Õ‰¡à‡°‘¥°“√¬◊¥®“°
·√ß¥÷ß (tensile elongation) „π√–À«à“ß°“√„Àâ§«“¡√âÕπ·°à™‘Èπß“π ·≈– ÿ¥∑â“¬ (4) ≈¥Õÿ≥À¿Ÿ¡‘™‘Èπß“π‰ª∑’Ë
280 K ¿“¬„μâ°“√§«“¡‡§âπ·√ß¥÷ß∑’Ë 0.1 MPa ®“°°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√§«“¡‡§√’¬¥
·≈–Õÿ≥À¿Ÿ¡‘ (√Ÿª∑“ß¢«“¡◊Õ) ®–‡ÀÁπ‰¥â«à“™‘Èπß“π®–‰¡à‡°‘¥°“√§◊π√Ÿª‡¡◊ËÕ„Àâ·√ß‡§âπ¥÷ß∑’Ë 1 MPa ¥Ÿ‰¥â®“°
°“√‡°‘¥°“√¬◊¥®“°·√ß¥÷ß (tensile elongation) ·≈–§«“¡‡§√’¬¥‡æ‘Ë¡¢÷Èπ ·μà°“√§◊π√Ÿª®–‡°‘¥¢÷Èπ·≈– —ß‡°μ
‡ÀÁπ‰¥â™—¥¢÷Èπ‡¡◊ËÕ§«“¡‡§âπ·√ß¥÷ß‡æ‘Ë¡¢÷Èπ∑’Ë 2 4 ·≈– 5 MPa  —ß‡°μ‰¥â®“°°“√≈¥≈ß¢Õß§à“§«“¡‡§√’¬¥
„π√–À«à“ß°“√„Àâ§«“¡√âÕπ·°à™‘Èπß“π ‚¥¬°“√§◊π√Ÿª‡√‘Ë¡‡°‘¥¢÷Èπ∑’ËÕÿ≥À¿Ÿ¡‘ 290›300 K ÷́Ëß„°≈â‡§’¬ß°—∫§à“
As ¢ÕßÕπÿ¿“§‚≈À–º ¡®”√Ÿª™π‘¥ 51Ni26Mn23Ga ®“°°“√∑¥ Õ∫ Hosoda ·≈–§≥– [20] æ∫«à“§à“
§«“¡‡§√’¬¥„π°“√§◊π√Ÿª (shape recovery strain)  Ÿß ÿ¥§◊Õ ª√–¡“≥ 2%  ”À√—∫°“√∑¥ Õ∫§«“¡‡§âπ-
§«“¡‡§√’¬¥·≈– 0.4%  ”À√—∫°“√∑¥ Õ∫§«“¡‡§âπ§ß∑’Ë„π√–À«à“ß«ß®√°“√„Àâ§«“¡√âÕπ πÕ°®“°π’È¢π“¥
Õπÿ¿“§¢Õß FSMAP ¡’Õ‘∑∏‘æ≈μàÕ ¡∫—μ‘°“√®”√Ÿª¢Õß§Õ¡‚æ ‘μ ‚¥¬ ¡∫—μ‘°“√®”√Ÿª¢Õß§Õ¡‚æ ‘μ
 “¡“√∂ª√—∫ª√ÿß‰¥â‚¥¬°“√≈¥¢π“¥Õπÿ¿“§¢Õß FSMAP [20]
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√Ÿª∑’Ë 6 °√–∫«π°“√∑¥ Õ∫°“√§◊π√Ÿª·≈–°√“ø· ¥ß§«“¡ —¡æ—π∏å¢Õß§«“¡‡§√’¬¥·≈–Õÿ≥À¿Ÿ¡‘¢Õß




¥—π‰øøÑ“·°àæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª §«“¡√âÕπ®“°§«“¡μâ“π∑“π‰øøÑ“ (joule heating) ®–‰ª°√–μÿâπ„Àâ
‡°‘¥ª√“°Ø°“√≥å®”√Ÿª  “√μ—«‡μ‘¡∑’Ë¡’√“¬ß“π°“√„™â‡æ◊ËÕ„Àâ‡°‘¥ª√“°Ø°“√≥å®”√Ÿª®“° π“¡‰øøÑ“„π§Õ¡‚æ ‘μ




·æ∑¬å ”À√—∫°“√Ωíß „™â‡ªìπμ—«°√–μÿâπ (actuators) ·≈–μ—«μ√«®®—∫ (sensor) Rogers ·≈– Khan [21]
»÷°…“°“√‡ ’¬√Ÿª®“°°“√‡ª≈’Ë¬π·ª≈ß§à“°“√π”‰øøÑ“„πæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª¢ÕßÕ’æÕ°´’/§“√å∫Õπ·∫≈Á§
§“√å∫Õπ·∫≈Á§∑’Ë„™â¡’ 2 ·∫∫§◊Õ §“√å∫Õπ·∫≈Á§ (CB) ·≈–§“√å∫Õπ·∫≈Á§∑’Ëºà“π°“√°√–®“¬μ—«„π “√≈¥
·√ßμ÷ßº‘« (CB-TX) ‚ª√·°√¡°“√∑¥ Õ∫™‘Èπß“π· ¥ß¥—ß√Ÿª∑’Ë 7 ®–·∫àßÕÕ°‡ªìπ 4 ¢—ÈπμÕπ §◊Õ
(1) °“√«—¥§à“§«“¡μâ“π∑“π‰øøÑ“μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª ¥—ß√Ÿª∑’Ë 7 (step 1) ‚¥¬π”™‘Èπ
μ—«Õ¬à“ßμàÕ°—∫·À≈àß®à“¬‰øøÑ“°√–· μ√ß (DC power supply) ·≈–μ—«μ√«®®—∫Õÿ≥À¿Ÿ¡‘Õ‘πø√“‡√¥
(infrared temperature sensor) ‚¥¬·À≈àß®à“¬‰øøÑ“°√–· μ√ß ®–∑”Àπâ“∑’Ë‡ªìπμ—«§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‚¥¬
§àÕ¬Ê ‡æ‘Ë¡·√ß¥—π‰øøÑ“‡æ◊ËÕ„Àâ™‘Èπß“π¡’Õÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ®π∂÷ß§à“ Tg ·≈–§à“·√ß¥—π‰øøÑ“∑’Ë∑”„Àâ™‘Èπß“π¡’
Õÿ≥À¿Ÿ¡‘‡∑à“°—∫§à“ Tg ®–‡√’¬°«à“ Vmax  à«πμ—«μ√«®®—∫Õÿ≥À¿Ÿ¡‘Õ‘πø√“‡√¥®–∑”Àπâ“∑’Ë«—¥Õÿ≥À¿Ÿ¡‘¢Õß
™‘Èπß“π ‚¥¬«—¥Õÿ≥À¿Ÿ¡‘∫πæ◊Èπº‘«μ—«Õ¬à“ß‡ªìπæ◊Èπ∑’Ë«ß°≈¡¡’‡ âπºà“π»Ÿπ¬å 10 mm ∫—π∑÷°§à“·√ß¥—π‰øøÑ“
°√–· ‰øøÑ“·≈–Õÿ≥À¿Ÿ¡‘‡¡◊ËÕ‡«≈“‡ª≈’Ë¬π·ª≈ß‰ª‡æ◊ËÕπ”‰ª§”π«≥§à“§«“¡μâ“π∑“π‰øøÑ“μ“¡ ¡°“√∑’Ë 3
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(3)
§à“ w ·≈– l §◊Õ§«“¡°«â“ß·≈–§«“¡¬“«¢Õß à«π gauge ¢Õß™‘Èπß“π μ“¡≈”¥—∫ t §◊Õ
§«“¡Àπ“¢Õß™‘Èπß“π V §◊Õ·√ß¥—π‰øøÑ“·≈– I §◊Õ°√–· ‰øøÑ“ ®“°°“√∑¥≈Õß„π¢—ÈπμÕπ¥—ß°≈à“«æ∫«à“
§Õ¡‚æ ‘μ∑’Ë¡’°“√‡μ‘¡ CB ≈ß‰ª∑’Ëª√‘¡“≥ 2.5 ·≈– 5% „Àâ§à“§«“¡μâ“π∑“π‰øøÑ“∑’Ë Ÿß ´÷Ëß‰ª¢—¥¢«“ß
°“√‡æ‘Ë¡Õÿ≥ÀŸ¡‘®π∂÷ß§à“ Tg ¢Õß§Õ¡‚æ ‘μ„π¢≥–∑’Ë°“√‡μ‘¡ CB ª√‘¡“≥ 10% ∑”„Àâ§Õ¡‚æ ‘μ¡’Õÿ≥À¿Ÿ¡‘
‡æ‘Ë¡¢÷Èπ®π∂÷ß§à“ Tg ‰¥âßà“¬
(2) °“√«—¥§à“Õÿ≥À¿Ÿ¡‘μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª À≈—ß®“°¢—ÈπμÕπ∑’Ë 1 ·√ß¥—π‰øøÑ“∑’Ë∑”„Àâ
‡°‘¥§«“¡√âÕπ®–À¬ÿ¥≈ß·≈–ª≈àÕ¬„Àâ™‘Èπß“πμ—«Õ¬à“ß‡¬Áπμ—«®π∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß À≈—ß®“°π—Èπ„Àâ·√ß¥—π‰øøÑ“
§ß∑’Ë∑’Ë§à“ Vmax ∑’Ë‰¥â®“°¢—ÈπμÕπ∑’Ë 1 ‡æ◊ËÕ∫—π∑÷°Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπμ“¡‡«≈“¥—ß√Ÿª∑’Ë 7 (step 2) ®“°°“√
‡ª√’¬∫§à“Õÿ≥À¿Ÿ¡‘μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢Õß§Õ¡‚æ ‘μ∑’Ë¡’°“√‡μ‘¡§“√å∫Õπ·∫≈Á§ Õß™π‘¥§◊Õ CB
·≈– CB-TX ∑’Ë 10% æ∫«à“§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ CB-TX · ¥ß§à“§«“¡μâ“π∑“π‰øøÑ“∑’Ë Ÿß°«à“®“°°“√„™â‡«≈“
¡“°°«à“„π°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘®“°°“√‡Àπ’Ë¬«π”¥â«¬°√–· ‰øøÑ“
(3) °“√«—¥°“√‡ ’¬√Ÿª®“°§à“§«“¡μâ“π∑“π‰øøÑ“ ®“°¢—ÈπμÕπ∑’Ë 2 „Àâ§«“¡√âÕπ·°à™‘Èπ
μ—«Õ¬à“ßºà“π·√ß¥—π‰øøÑ“§ß∑’Ë (Vmax) ®π™‘Èπß“π¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ∂÷ß Tg ·≈–¬—ß§ß„Àâ§«“¡√âÕπμàÕ‰ªÕ’° 10
π“∑’ À≈—ß®“°π—Èπ¥÷ß™‘Èπß“πμ—«Õ¬à“ß¥â«¬Õ—μ√“ 0.002 in/s À√◊Õ 24 %/s ®π™‘Èπß“π‡°‘¥°“√¬◊¥¢¬“¬ÕÕ°∑’Ë
10% 20% ·≈– 30% ¢Õß§à“§«“¡‡§√’¬¥·≈–∑”°“√«—¥§à“·√ß¥—π‰øøÑ“·≈–§à“°√–· ‰øøÑ“‡æ◊ËÕ§”π«≥À“
§à“§«“¡μâ“π∑“π‰øøÑ“®“° ¡°“√∑’Ë 3 (√Ÿª∑’Ë 7 (step 3))
√Ÿª∑’Ë 7 ¢—ÈπμÕπ°“√∑¥ Õ∫°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡μâ“π∑“π‰øøÑ“·≈–°“√§◊π√Ÿª§Õ¡‚æ ‘μ®”√Ÿª (¥—¥·ª≈ß
®“° [21])
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(4) °“√ª√–‡¡‘πæƒμ‘°√√¡°“√§◊π√Ÿª ™‘Èπß“π∑’Ë‡°‘¥°“√‡ ’¬√Ÿª®“°¢—ÈπμÕπ∑’Ë 3 ®–§ß°“√‡ ’¬√Ÿª
¥—ß°≈à“«‰«â®π∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß À≈—ß®“°π—Èπ„Àâ·√ß¥—π‰øøÑ“∑’Ë§à“ Vmax ·°à™‘Èπß“πμ—«Õ¬à“ß‡æ◊ËÕ¥Ÿ°“√§◊π√Ÿª®“°
§«“¡‡§√’¬¥μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π‰ª¥—ß√Ÿª∑’Ë 7 (step 4) [21]
Rogers ·≈– Khan [21] æ∫«à“°“√‡μ‘¡ CB ∑’Ë 10 wt% ≈¥§à“§«“¡·¢Áß·√ß¥÷ß¢Õß§Õ¡‚æ ‘μ
®”√Ÿª‰¥âÕ¬à“ß¡’π—¬ ”§—≠ §Õ¡‚æ ‘μ®”√Ÿª∑’Ë‡μ‘¡ CB-TX · ¥ß§à“§«“¡μâ“π∑“π‰øøÑ“∑’Ë Ÿß°«à“§Õ¡‚æ ‘μ∑’Ë
‡μ‘¡ CB · ¥ß„Àâ‡ÀÁπ«à“°“√„™â “√≈¥·√ßμ÷ß°—∫ CB ‰¡à‰¥âª√—∫ª√ÿß ¡∫—μ‘∑“ß‰øøÑ“„Àâ·°à§Õ¡‚æ ‘μ ®“°
°“√∑¥ Õ∫¢—ÈπμÕπ∑’Ë 4 æ∫«à“™‘Èπß“πμ—«Õ¬à“ß∑’Ë‡°‘¥°“√‡ ’¬√Ÿª∑’Ë 10% ¢Õß§à“§«“¡‡§√’¬¥· ¥ßæƒμ‘°√√¡
°“√§◊π√Ÿª‰¥â¥’ °“√§◊π√Ÿª®–‡°‘¥‰¥â¡“°∑’Ë ÿ¥„π™à«ß 100s ·≈–· ¥ß°“√§◊π√Ÿª Ÿß ÿ¥∑’Ë 85%
Raja ·≈–§≥– [24] „™â∑àÕπ“‚π§“√å∫Õπ·∫∫À≈“¬™—Èπ (multiwalled carbon nanotube,
MWCNT) ·≈–∑àÕπ“‚π§“√å∫Õπ¥—¥·ª≈ß (modified carbon nanotube, m-CNT) ‡ªìπ “√μ—«‡μ‘¡
∑’Ë¡’ª√–‚¬™πå Ÿß∑’Ë∑”„Àâ‡°‘¥ª√“°Ø°“√≥å®”√Ÿª‡Àπ’Ë¬«π”¥â«¬ π“¡‰øøÑ“„ππ“‚π§Õ¡‚æ ‘μ∑’Ë¡’‡∑Õ√å‚¡æ≈“ μ‘°
æÕ≈‘¬Ÿ√’‡∑π (TPU) º ¡æÕ≈‘·≈§μ‘¥·Õ ‘¥ (PLA) ‡ªìπ‡π◊ÈÕæ◊Èπ π“‚π§Õ¡‚æ ‘μ‡μ√’¬¡‰¥â¥â«¬°“√º ¡
TPU/PLA (∑’ËÕ—μ√“ à«π 90/10) ·≈–∑àÕπ“‚π§“√å∫Õπ (·ª√ª√‘¡“≥∑’Ë 2-10 wt%) „π‡§√◊ËÕßº ¡·∫∫ªî¥
·≈–¢÷Èπ√Ÿª‡ªìπ·ºàπ™’∑π“‚π§Õ¡‚æ ‘μ¥â«¬°√–∫«π°“√Õ—¥¢÷Èπ√Ÿª Raja ·≈–§≥– [24] ‡ª√’¬∫‡∑’¬∫π“‚π
§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ MWCNT À√◊Õ P-CNT ·≈– m-CNT æ∫«à“°≈‰°∑’Ë‡ªìπ‰ª‰¥â¢ÕßÕ—πμ√°‘√‘¬“√–À«à“ß
P-CNT ·≈– m-CNT ∑’Ë‡μ‘¡„π TPU/PLA · ¥ß¥—ß√Ÿª∑’Ë 8 ®–‡ÀÁπ«à“§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ P-CNT ∑’Ëª√–°Õ∫
¥â«¬À¡Ÿà‰Œ¥√Õ°´‘≈·≈–À¡Ÿà§“√å∫Õπ‘≈∑”„Àâ‡°‘¥æ—π∏–‰Œ‚¥√‡®π√–À«à“ßÀ¡Ÿà‡Õ¡’π (›NH) ¢Õß TPU °—∫À¡Ÿà
§“√å∫Õπ‘≈¢Õß P-CNT ·≈–‡°‘¥‡Õ ‡∑Õ√å≈‘ß§å‡°®®“°°“√‡°‘¥Õ—πμ√°‘√‘¬“∑“ß‡§¡’√–À«à“ßÀ¡Ÿà‰Œ¥√Õ° ‘́≈
¢Õß P-CNT ·≈–À¡Ÿà§“√å∫Õ° ‘́≈‘° (-COOH) ¢Õß PLA  ”À√—∫§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT πÕ°®“°®–
 “¡“√∂‡°‘¥æ—π∏–‰Œ‚¥√‡®π√–À«à“ßÀ¡Ÿà‡Õ¡’π (›NH) ¢Õß TPU °—∫À¡Ÿà§“√å∫Õπ‘≈¢Õß m-CNT ·≈â«
¬—ß “¡“√∂‡°‘¥‡Õ ‡∑Õ√å≈‘ß§å‡°®√–À«à“ßÀ¡Ÿà‰Œ¥√Õ°´‘≈¢Õß m-CNT °—∫À¡Ÿà§“√å∫Õ°´‘≈‘°¢Õß PLA ·≈–
‡Õ ‡∑Õ√å≈‘ß§å‡°®√–À«à“ßÀ¡Ÿà§“√å∫Õ°´‘≈‘°¢Õß m-CNT °—∫‰Œ¥√Õ°´‘≈¢Õß PLA ‰¥â °≈‰°ªØ‘°‘√‘¬“
¥—ß°≈à“«¬◊π¬—π‰¥â¥â«¬º≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§ FTIR
√Ÿª∑’Ë 8 °≈‰°∑’Ë‡ªìπ‰ª‰¥â¢ÕßÕ—πμ√°‘√‘¬“√–À«à“ß P-CNT ·≈– m-CNT ∑’Ë‡μ‘¡≈ß‰ª„ππ“‚π§Õ¡‚æ ‘μ¢Õß
PU/PLA (∑’Ë¡“®“° [24])
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º≈°“√∑¥ Õ∫≈—°…≥– —≥∞“π«‘∑¬“æ∫«à“ m-CNT  “¡“√∂°√–®“¬μ—«„πæÕ≈‘‡¡Õ√åº ¡¢Õß
TPU/PLA ‰¥â¥’°«à“ P-CNT  àßº≈„Àâπ“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT · ¥ß ¡∫—μ‘§«“¡·¢Áß·√ß¥÷ß·≈–
¡Õ¥Ÿ≈—  – ¡∑’Ë Ÿß°«à“ °“√°√–®“¬μ—«∑’Ë¥’¢Õß m-CNT  àßº≈μàÕ°“√π”‰øøÑ“¢Õß§Õ¡‚æ ‘μ ‚¥¬π“‚π§Õ¡
‚æ ‘μ∑’Ë‡μ‘¡ m-CNT μâÕß°“√ª√‘¡“≥¢Õß m-CNT ‡æ’¬ß 4 wt% ‡æ◊ËÕ· ¥ß ¡∫—μ‘°“√π”‰øøÑ“ „π¢≥–∑’Ë
π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ P-CNT μâÕß°“√ª√‘¡“≥¢Õß P-CNT 4.8 wt% πÕ°®“°π’È ¡∫—μ‘°“√π”§«“¡√âÕπ
¢Õßπ“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥ m-CNT ·≈–§àÕπ¢â“ß Ÿß°«à“π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡
P-CNT ∑’Ëª√‘¡“≥‡¥’¬«°—π °“√μ√«® Õ∫ ¡∫—μ‘°“√®”√Ÿª¢Õßπ“‚π§Õ¡‚æ ‘μ‚¥¬°“√¥—¥™‘Èπμ—«Õ¬à“ß‡ªìπ
√Ÿªμ—«¬Ÿ·≈–„™â°√–· ‰øøÑ“∑’Ë¡’§«“¡μà“ß»—°¬å§ß∑’Ë∑’Ë 40 V °√–μÿâπ„Àâ‡°‘¥°“√§◊π√Ÿªæ∫«à“π“‚π§Õ¡‚æ ‘μ
 “¡“√∂§◊π√Ÿª‰¥â§àÕπ¢â“ß‡√Á«‚¥¬π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT  “¡“√∂§◊π√Ÿª‰¥â„π‡«≈“ 15 s ·≈–π“‚π
§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ P-CNT §◊π√Ÿª‰¥â„π‡«≈“ 40 s ‡π◊ËÕß®“° CNT °√–®“¬μ—«‰¥â¥’ ‚¥¬π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡






æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬πÈ” πÈ”∑’ËæÕ≈‘‡¡Õ√å®”√Ÿª¥Ÿ¥´—∫‰«â®–∂Ÿ°·∫àßÕÕ°‡ªìππÈ”Õ‘ √– (free water) ·≈–
πÈ”∑’ËÕ¬Ÿà√à«¡°—∫ “√Õ◊Ëπ (bound water) πÈ”Õ‘ √–®–‰¡à¡’Õ‘∑∏‘æ≈„¥Ê °—∫æÕ≈‘‡¡Õ√å®”√Ÿª·≈–®–∂Ÿ°°”®—¥ÕÕ°
‰¥âÕ¬à“ß ¡∫Ÿ√≥å®“°°“√„Àâ§«“¡√âÕπ®π∂÷ßÕÿ≥À¿Ÿ¡‘ 120°C „π¢≥–∑’ËπÈ”∑’ËÕ¬Ÿà√à«¡°—∫ “√Õ◊Ëπ®–∂Ÿ°°”®—¥ÕÕ°
‰¥â®“°°“√„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ 120°C ·≈–®–∑”„Àâæ—π∏–‰Œ‚¥√‡®πÕàÕπ·Õ≈ß àßº≈„ÀâÕÿ≥À¿Ÿ¡‘
°≈“ ∑√“π´‘™—π≈¥≈ß·≈–‰ª°√–μÿâπ„Àâ‡°‘¥°“√§◊π√Ÿª [26] Yang ·≈–§≥– [27] ‰¥âÕ∏‘∫“¬º≈¢ÕßπÈ”μàÕ
æ—π∏–‰Œ‚¥√‡®π¢ÕßæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª¥—ß√Ÿª∑’Ë 9 ´÷Ëß· ¥ß‚§√ß √â“ß¢ÕßæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª„π ¿“«–·Àâß·≈–
À≈—ß®“°®ÿà¡„ππÈ”∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‚¥¬¡’πÈ”∫“ß‚¡‡≈°ÿ≈∑’ËæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª¥Ÿ¥´—∫‰«âÕ“®®–‡™◊ËÕ¡™àÕß«à“ß√–À«à“ß
æ—π∏–‰Œ‚¥√‡®π¢ÕßÀ¡Ÿà‡Õ¡’π (›NH) ·≈–À¡Ÿà§“√å∫Õπ‘≈ (›C=O) ‰«â¥—ß∫√‘‡«≥ a ·≈–πÈ”∑’ËÕ¬Ÿà√à«¡°—∫ “√
Õ◊ËπÕ¬à“ßÀ≈«¡Ê (loosely bound water) ®–∑”„Àâæ—π∏–‰Œ‚¥√‡®πÕàÕπ·Õ‰¥â‚¥¬μ√ßª√–°Õ∫°—∫°“√∑”
Àπâ“∑’Ë‡ªìπæ≈“ μ‘‰´‡´Õ√å¢ÕßπÈ”∑”„Àâ¢ÕßæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª¡’ Tg ≈¥≈ß πÕ°®“°π’ÈπÈ”∫“ß‚¡‡≈°ÿ≈‡°‘¥°“√
øÕ√å¡μ—«‡ªìπ§Ÿà¢Õßæ—π∏–‰Œ‚¥√‡®π°—∫æ—π∏–‰Œ‚¥√‡®π∑’Ë¡’Õ¬Ÿà·≈â«¢ÕßÀ¡Ÿà§“√å∫Õπ‘≈¥—ß∫√‘‡«≥ b ‚¥¬º≈°“√
‡°‘¥æ—π∏–‰Œ‚¥√‡®π∑’Ë∫√‘‡«≥ a ·≈– b ¥—ß°≈à“« “¡“√∂¬◊π¬—π‰¥âº≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§ FTIR ∑’Ë· ¥ß
°“√‡§≈◊ËÕπ‡≈¢§≈◊Ëπ¢Õßæ’§∑’Ë· ¥ß≈—°…≥–‡©æ“–¢Õßæ—π∏–‰Œ‚¥√‡®π„πæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª [27]
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√Ÿª∑’Ë 9 º≈°√–∑∫¢ÕßπÈ”μàÕæ—π∏–‰Œ‚¥√‡®π„πæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª (∑’Ë¡“®“° [27])
μàÕ¡“ Wang ·≈–§≥– [28] ‰¥â‡μ√’¬¡‰¡‚§√‰ø‡∫Õ√å·≈–‰¡‚§√ ª√‘ß®”√Ÿª®“°‡∑Õ√å‚¡
æ≈“ μ‘°æÕ≈‘¬Ÿ√’‡∑π (TPU) 2 ‡°√¥§◊Õ MM3520 ∑’Ë¡’§à“ Tg 35°C ·≈– MM5520 ∑’Ë¡’§à“ Tg 55°C
·≈–∑¥ Õ∫ª√“°Ø°“√≥å®”√Ÿª‡Àπ’Ë¬«π”¥â«¬πÈ”·≈– “√‡§¡’Õ◊ËπÊ §◊Õ ‡Õ∑“πÕ≈ ‡¡∑“πÕ≈ ·≈–‰Õ‚´‚æ√æ“πÕ≈
‰¡‚§√‰ø‡∫Õ√å·≈–‰¡‚§√ ª√‘ß®”√Ÿª‡μ√’¬¡‰¥â®“°°“√À≈Õ¡‡¡Á¥‡√´‘π TPU „π¿“™π–Õ–≈Ÿ¡‘‡π’¬¡®π°“√





≈¥≈ß·≈–‰ª°√–μÿâπ„Àâ‡°‘¥°“√§◊π√Ÿªμ“¡∑’Ë Yang ·≈–§≥– [27] ‰¥âÕ∏‘∫“¬‰«â
∫∑ √ÿª
°“√æ‘®“√≥“√“¬°“√ß“π«‘®—¬¢Õß°“√‡μ√’¬¡æÕ≈‘‡¡Õ√å®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª
°√–μÿâπ¥â«¬°“√°√–μÿâπ∑—Èß 5 √Ÿª·∫∫  “¡“√∂ √ÿªªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫ª√“°Ø°“√≥å°“√§◊π√Ÿª°√–μÿâπ¥â«¬ ‘Ëß
‡√â“·μà≈–·∫∫·μ°μà“ß°—π¥—ß√Ÿª∑’Ë 10 ®–‡ÀÁπ‰¥â«à“ªí®®—¬∑’Ë„™âæ‘®“√≥“„π SMPCs °√–μÿâπ¥â«¬§«“¡√âÕπ
· ß·≈– π“¡‰øøÑ“§◊Õ  ¡∫—μ‘‡™‘ß°≈ °“√π”§«“¡√âÕπ °“√ àßºà“π§«“¡√âÕπ ŸàæÕ≈‘‡¡Õ√å‡π◊ÈÕæ◊Èπ ·≈– ¡∫—μ‘
§«“¡μâ“π∑“π‰øøÑ“ ‚¥¬ªí®®—¬¥—ß°≈à“«¢÷ÈπÕ¬Ÿà°—∫°“√°√–®“¬μ—«¢Õß “√‡μ‘¡·μàß„πæÕ≈‘‡¡Õ√å‡π◊ÈÕæ◊Èπ
ª√‘¡“≥¢Õß “√μ—«‡μ‘¡∑’Ë‡À¡“– ¡ Õ—πμ√°‘√‘¬“√–À«à“ß “√μ—«‡μ‘¡°—∫‡π◊ÈÕæ◊Èπ ·≈–≈—°…≥–‡©æ“–¢Õß “√μ—«
‡μ‘¡´÷Ëß¡’º≈μàÕ°“√‡°‘¥°“√§◊π√Ÿª¢Õß SMPC ¥â«¬‡™àπ°—π  ”À√—∫ SMPC °√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°°“√
§◊π√Ÿª¢÷ÈπÕ¬Ÿà°—∫¢π“¥Õπÿ¿“§¢Õß “√μ—«‡μ‘¡ FSMAP  ”À√—∫æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬ “√‡§¡’°“√§◊π√Ÿª
®–¢÷ÈπÕ¬Ÿà°—∫°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß‡§¡’∑’Ë¡’º≈„Àâ Tg ≈¥≈ß®“°°“√®ÿà¡„ππÈ”À√◊Õ “√‡§¡’
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√Ÿª∑’Ë 10 ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫ª√“°Ø°“√≥å°“√§◊π√Ÿª¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª
°√–μÿâπ¥â«¬ ‘Ëß ‡√â“∑—Èß 5 ·∫∫
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